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(54) Surgical microscope 

(57) A surgical microscope includes an illumination 
optical system for illuminating a microscope visual field, 
an observation optical system which has an eyepiece 
lens and an imaging lens and allows observation of a 
first image of an observation target by guWing reflected 
light from the observation target inradiated with Illumina- 
tion light to the eyepiece lens from the illumination opti- 
cal system, an image projection optical system for 
prqecting a second image as image information within 



a portion of the microscope visual field, and visual field 
atqusling mechanism which has a field stop placed at 
an imaging position of the imaging lens and having a 
changeable stop shape and adjusts an area of the 
microscope vfeual field by changing the stop shape of 
the field stop in accordance with a projection state of the 
second image with respect to the microscope visual 
field. 
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Description 

[0001] The present inventron relates to a surgical 
microscope used in the medical field. 
[0002] In general, surgical nvcroscopes are used for 
surgical operations in cerebral axrgery, otolaryngology, 
ophthalmology, and the like, and play an important role, 
i.e., improving the efficiency of surgical operations by 
allowing obsen/ation of regions under magnification. In 
addition, in recent years, to perform surgical operations 
more reliably, endoscopic observation is also performed 
in conventional surgical operations which have been 
performed under observation with surgical micro- 
scopes. DemarKls have therefore arisen for techniques 
of allowing an operator to simultaneously observe a sur- 
gical microscopic observation image and an endoscopic 
observation image within the visual field of a surgical 
microscopa Demands have also arisen for simultane- 
ous observation of information such as a CT or MR! 
image before a surgical operation and nerve monitor 
information during the operation as well as an erxio- 
scopic observation imaga 

[0003] In oitler to meet such demands, a technique of 
allowing an operator to simultaneously perform obser- 
vation witii a microscope and observation wiUi a second 
obsen/ation means within the visual field of the micro- 
scope Is disclosed in Jpn. Pat. Appln. KOKAI Publica- 
tion No. 62-166310. That is. a means for simuftaneously 
guiding an optical image from a stereoscope and a 
monitor image from an endoscope to the same eye- 
piece optical system and displaying the sensed images 
such as an endoscopic image on the eyepiece portion 
of tiie stereoscope is disclosed. 
[0004] A means for displaying data on the eyepiece 
portion of a stereoscope or the like is disclosed in Jpn. 
Pat Appln. KOKAI Publication Na 63-167317. More 
specifically, a technique of projecting the exit pupil of a 
data image on a portion outside the exit pupil of a micro- 
scopic image by applying a light beam such as data light 
from the outside of a main observation light beam such 
as a microscope light beam is disclosed. 
[0005] In addition, a technique of realizing simultane- 
ous observation with a microscope and an endoscope is 
disclosed in Jpn. Pat. Appln. KOKAI Publication Na 3- 
105305. More specif icaliy, a means for projecting the 
optical image or electronic image obtained by a 20 
endoscope onto the eyepiece portion of a stereoscope, 
a means for guicfing a 2D endoscopic image to the right 
and left optical paths of the microscope, and a merrtier 
for shielding a microscope light beam are disclosed. 
[0006] A means for di^laying an endoscopic image or 
the vital data of a patient within or near the visual field of 
a microscope rs disclosed in Jpn. Pat Appln. KOKAI 
Publication No. 8-140991. More specifically, a technique 
of guiding an endoscopic image or ttie like into the vis- 
ual ffled of a microscope through a half minor, a tech- 
nique of displaying a microscopic image and an 
endoscopic image within the same visual field by guid- 



ing a microscope optical patti and an endoscope optical 
path to an eyepiece lens in a parallel state (see FIQ. 3 
in this reference), and the like are disclosed. 
[0007] According to the technique disclosed in Jpn, 
s Pat Appln. KOKAI Publication Na 62-1 663 1 0. however, 
when tiie image obtained by the monitor optical system 
is to be observed outside the optical image obtained by 
the microscope optical system, since the field stop of 
the microscope interferes with the observation, the 
10 monitor image is vignetted or tiie field stop of the micro- 
scope must be removed. Assume that tiie field stop of 
the microscope is removed. In tfiis case, when only the 
microscopic image is to be observed, since no field stop 
is placed in the area where the monitor image is to be 
15 projected, even an image outside the image drcle 
formed by ttie microscope optical system can be seen. 
For this reason, the operator must always observe even 
a peripheral image with poor image quality, and hence 
suffers from unnecessary fatigue as the image quality 
so deteriorates. According to the technique disclosed in 
Jjpn. Pat Appln. WOKAI Publication No. 62-166310. part 
of the visual field of the microscope is shielded by the 
reflecting member placed near the imaging plane of the 
microscopa For tills reason, when this shielded portion 
25 is to be observed, the overall microscope must be 
moved to move ttie observation point out of the shielded 
portion of the visual field of the microscope. The move- 
ment of the overall microscope Interrupts a surgical 
operation and reduces tiie operation efficiency. In addi- 
30 tion, in this reference, the positional relationship 
between the imaging plane of the microscope and the 
reflecting member is not clarified. When, tiierefore. tiie 
center of the reflecting member is positioned on the 
imaging plane of the microscope as shown in the draw- 
35 ing, ttie upper and lower portions of the reflecting mem- 
ber are separated from tiie imaging plane of the 
microscope to cause defbcusing. As a result tiie 
boundary between the visual field of the microscope 
and the image (ttie image obtained by the second 
40 ofc«ervation means and put in ttie visual field of the 
microscope by the reflecting member) cannot be deariy 
discriminated. 

[0008] According to ttie technique disclosed in Jpn. 
Pat Appln. KOKAI Publication Na 3-105305, since a 
45 microscopic image and an endoscopic imag e are super- 
inposed on each other witfiin the same visual field (the 
microscopic image and the endoscopic image are cou- 
pled to each other by the half mirror), each image can- 
not be observed in detail unless one of the image light 
50 beams is shielded, it is therefore difficult to simultane- 
ously observe a microscopic image and an endoscopic 
image within the visual field of the microscope wWle ori- 
entating the endoscope. In addition, since ttie endo- 
scopic image is always superimposed on ttie entire 
55 microscopic image, ttie operator cannot concentrate on 
operation under the microscope. 
[0009] Furthermore, as disclosed in Jpn. Pat Appln. 
KOKAI Publication Na 8-140991 , accorcfing to ttie tech- 
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nique of guiding the microsoope optical path and the 
endoscope optica] path to the eyepiece lens in a parallel 
state, since the endoscope optical path is positioned 
outside the microscope optical path and cannot be 
inserted/Withdrawn into/from the microscope body, no 5 
field stop is formed at a portion corresponding to the 
endoscope optical path even if endoscopic observation 
is not required. For this reason, as in the technique dis- 
closed in Jpn. Pat. Appln. KOKAI Publication No. 62- 
166310. an image outside the image circle of the micro- ,0 
scope optical system can be seen. 
1001 0] When an endoscopic image is to be observed, 
it is required that a monitor image be observed while the 
image is enlarged to the maximum size to be easily 
seen. In this case, however, since the microscopic is 
image inevitably deaeases in size, this techniquB is not 
so practical. 

[0011 J h is an object of the present invention to pro- 
vide a surgical microscope which allows an operator to 
properly observe a microscopic optical image and a 20 
monitor image from an image projection optical system 
within the same visual field, and forms a clear boundary 
between a microscopic image and a monitor image to 
allow the operator reliably discriminate the two images. 
[0012] The object of present invention can be 25 
achieved by the following airgical microscopa Accord- 
ing to the present invention, there is provided a surgical 
microscope comprising an illumination optical system 
for illuminating a microscope visual field, an observation 
optical system which has an eyepiece lens and an 30 
imaging lens and allows observation of a first image of 
an observation target by guiding reflected light to the 
eyepiece lens from the observation target inradiated 
with illumination light from the illumination optical sys- 
tem, an image projection optical system for projecting a 35 
second iniage as image information wHhin a portion of 
the microscope visual field, and visual field adQusting 
mechanism which has a field stop placed at an imaging 
position of the imaging lens and having a changeable 
stop shape and adjusts an area of ttie microscope vis- 40 
ual field by changing Oia stop shape of the field stop in 
accordance witti a projection state of the second image 
with respect to the microscope visual field. 
[001 33 This summary of the invention does not neces- 
sarily describe all necessary features so thai the inven- 45 
tion may also be a sut>-combination of these described 
features. 

[0014] This invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the acconpanying drawings, in which: so 

FIG. 1 is a view showing the schematic arrange- 
ment of a surgical microscope for a nnicrosurgery 
using an endoscope as well according to the first 
embodiment of the present invention; 55 
FIG. 2 ^ a shield djagram showing the control sys- 
tem of a surgical microscope system according to 
the first embodiment; 



FIG. 3A is a plan view showing the first shape of a 
liquid crystal shutter forming a field stop in the sur- 
gical microscope according to the first embodiment; 
FIG. 3B is a plan view showing the second shape of 
ttie liquid crystal shutter; 

FIG. 4A is a plan view showirig the display state of 
a microscopic observation image on the surgical 
microscope according to the first embodiment; 
FIG. 4B is a plan view showing a state in which a 
microscopic image and an LCD monitor image are 
simultaneously di^layed on the surgical micro- 
scope according to the first embodiment; 
FIG. 5 is a view showing the arrangement of ttie 
main part of a modification of the first embodiment; 
FIG. 6A is a plan view showing the first shape of a 
liquid crystal shutter forming a field stop in tiie 
arrangement shown in FIG. 5; 
FIG- SB is a plan view showing the second shape of 
the liquid crystal shutter; 

FIG. 7 is a view showing tiie schematic arrange- 
ment of a surgical microscope system according to 
the secorxl emkxxJiment of the present invention; 
FIG. 8 is a shield diagram showing the control sys- 
tem of the surgical microscope system according to 
the second embodiment; 

FIG. 9 Is a view for explaining the anrangement and 
operation of a field stop in the surgical microscope 
according to the second embodiment; 
FIG. 1 0A is a plan view showing a display state in 
which a microscopic image and an endoscopic 
image are simultaneously displayed on tiie surgical 
microscope according to tfie second en*odiment 
while microscope illumination light is attenuated at 
the distal end position of a hard endoscope; 
FIG. 10B is a plan view showing a stale in which a 
microscopic image arxf an endoscopic image are 
respectively displayed in master and subsidiary 
windows; 

FIG. 11A is a plan view showing the first shape 
obtained by forming a circular light-transmitting por- 
tion and light-shielding portion in an LCD shutter 
forming a field stop in the surgical microsccpe 
according to the second embodiment; 
FIG. 1 1B is a plan view showing a state in which a 
light-attenuating portion is formed in part of the 
light-transmitting portion of ttio LCD shutter; 
FIG. 12 is a view showing the overall arrangement 
of a surgical microscope and an endoscope accord- 
ing to the third embodiment of the present inven- 
tion; 

FIG. 1 3 is a front view of the eyepiece lens barrel of 
the surgical microscope acoorcfing to ttie thiirl 
embodiment; 

FIG. 14 is a plan view of the eyepiece lens portion 

of the surgical microscope in FIG. 13; 

FIG. 15 e a side view of the eyepiece ler^ portion 

of the surgical microscope in FIG. 13; 

FIGS. 16A, 16B. and 16C are views each showing 
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the observation state of the surgicaJ microscope in 
FIG. 13; 

FIG. 1 7 fe a front view of the eyepiece lens barrel of 
a surgical microscope according to the fourth 
embodiment of the present invention; 
FIG. 18 is a side view showing the eyepiece lens 
barrel of the surgicaJ microscope in FIG. 17; 
FIG. 19 is a plan view of the Image optical system 
of the surgical miCToscope in FIG. 1 7; 
FIGS. 20A and 20B are views showing how the pro- 
jection prism of the surgical microscope in FIG. 17 
is coated; 

FIG. 21 is a view showing the optical principle of the 
image optical system of the surgical microscope in 
FIG. 17; 

FIGS. 22A. 22B. and 22C are views each showing 
the observation state of the surgical microscope in 
FIG. 17; 

FIG. 23 is a side view of the eyepiece lens ban-e! of 
a surgical microscope according to the fifth embod- 
iment of the present invention; 
FIG. 24 is a view showing the optical principle of the 
image optical system of the surgical miaoscope in 
FIG. 23: 

FIGS. 25A and 25B are views each showing the 
observation state of the surgical microscope in FIG 

23; 

FIGS. 26A and 268 are views each showing the 

display range of a monitor; 

FIG. 27 is a front view of the eyepiece lens ban-el of 

a surgical microscope according to the sixth 

embodiment of the present invention; 

FIG. 28 is a side view of the eyepiece lens ban-el In 

FIG. 27; 

FIG. 29 is a side view of the eyepiece lens barrel of 

a surgicaJ microscope according to the seventh 

embodiment of the present invention; 

FIGS. 30A and 30B are views each showing the 

observation state of the surgical microscope in FIG. 

29; 

FIGS. 31 A and 31 B are views showing states in 
which the monitor display windows in FIGS. 30A 
and 30B are corrected; 

FIG. 32 is a front view of the eyepiece lens barrel of 
a surgical microscope according to the eighth 
embodiment of the present invention; 
FIG. 33 is a side view of the eyepiece lens ban^el in 
FIG. 32; and 

FIGS. 34A. 348, and 34C are views each showing 
the observation state of the surgical microscope in i 
FIG. 32. 

[001 51 The first embodiment of the present Invention 
wiU be described below with reference to FIGS. 1 to 4A 
and 48. Fia 1 shows the schematic arrangement of a i 
surgicaJ microscope system 1 for microsurgery using an 
endoscope in this embodiment The surgical micro- 
scope system 1 includes a surgicaJ microscope 2 and a 



hard endoscope (endoscope) 3 used in conjunction with 
the surgical microscope 2. 

[001 6] The microscope optical system of the surgical 
microscope 2 comprises an objective lens 4. a zoom 

s optical system 5. an imaging lens 6. and an eyepiece 
lens 7. The microscope optical system (observation 
optical system) is constituted by two optical systems 
arranged on the right and left sides to allow stereo- 
scopic observation. Each of the right and left optical 

10 systems (FIG. 1 shows only one optical system) 
includes the zoom optical system 5, the imaging lens 6. 
and the eyepiece lens 7. Note that since the right and 
left optical systems have substantially the same 
arrangement, only one optical system will be described 

IS below. 

[001 7] Each of the right and left optical systems has a 
liquid crystal shutter 8 placed at the imaging point of the 
Imaging lens 6 to adjust the field area of the visual field 
of the microscope. This liquid crystaJ shutter 8 is con- 

20 nected to a liquid crystal driver 9. as shown in FIG. 2. 
[0018] A half mirror 10 for deflecting an observation 
image beam (first optical image beam) in the direction of 
an optical axis b extending in a direction perpendicular 
to an optical axis a of the miaoscope optical system is 

25 placed between the zoom optical system 5 and the 
Imaging lens 6. A second imaging lens 1 1 is placed 
along the optical axis from the half mlnror 10. A f iret TV 
camera 12 is placed at tfie imaging point of the second 
Imaging lens 1 1 . The first TV camera 1 2 is connected to 

30 a first CCU (Camera Control Unit) 13 (see FIG. 2). Note 
that the half mirror 10, the second imaging lens 11. and 
the first TV camera 12 constitute a photographing opti- 
cal system. 

[0019] A prism 14 for illumination light is placed 
35 behind tiie objective lens 4 at a position offset from the 
optical axfe a of the microscope optical systenrt A zoom 
illumination optical system 15, an illumination field stop 
16. a condenser lens 17, and a light guide 18 are 
sequentially arranged behind the prism 1 4. thus forming 
40 an illumination optical system. 

[0020] The illumination field stop 16 is placed at a 
position conjugate to the illumination field of the illumi- 
nation field slop 16. An interlocking mechanism (not 
shown) is arranged between the zoom optical system 5 
ts and the zoom illumination optical system 15. Note that 
the illumination light incident end portion of the light 
guide 18 is connected to a light source unit (not shown). 
[0021 ] A half mirror 1 9 is interposed between the con- 
denser lens 17 and light guide 18 of the illumination 
^ optical system. The half mirror 19 is mounted on the 
rotating shaft of a first rotary solenoid 20. TTie first rotary 
solenoid 20 is connected to a first solenoid driving dr- 
cuit21. 

[0022] The half mirror 19 is supported to be 
5 inserted/removed into/from the opticaJ path of the illumi- 
nation opticaJ system in accordance with the rotation of 
the first rotary solenoid 20. More specifically, while the 
first rotary solenoid 20 is OFF, the half mirror 19 is held 
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at a standby position shifted from the Uluminalion optical 
systent. as indicated by the dotted line in FIG. i. When 
the first rotary solenoid 20 is ON, the hatf mirror 19 is 
pivoted to a set position where ttie half mirror 19 is 
ireerted into the optical path of the illumination optical 
system, as indicated by the solid line in FIG. 1. At this 
time, the telf minor 19 is disposed to deflect part of a 
light beam from the light guide 18 in a direction (optical 
path d) perpendicular to an optical axis c of the illumina- 
tion optical system. 

[0023] A second condenser lens 22, a pair of mirrors 
23 and 24. and an optical diffusing plate 25 are sequen- 
tially arranged on the optical path The light guided 
onto the optical path d forms bacWight for an LCD mon- 
itor 26 (to be described later). 

[0024] The LCD monitor 26 is disposed near the opti- 
cal diffusing plate 25 in its cfiffusion direction. The LCD 
monitor 26 is connected to an image selector (not 
shown) through an LCD driver (not shown). The LCD 
monitor 26 can display various images (second optical 
images), e.g., endoscopic images, diagnostic images 
before and during surgical operations (MRi images. CT 
images. X-ray images, fluorescent observation images, 
and the like), navigation images, a computer window, 
patient's vital data (bloodstream, respiration rate, pulse 
rate, body temperature, and the like), and a timepiece 
window. An imaging lens 27, a minor 28, and a prism 29 
are sequentially arranged behind the LCD monitor 26, 
thus forming an image projection optical system L for 
projecting an image onto part of the visual field of the 
microscope. 

[0025] The prism 29 is mounted on the rotating shaft 
of a second rotary solenoid 30 and is inserted/removed 
into/from the optical path (optical axis a) of the micro- 
scope optical system in accordance with the rotation of 
the second rotary solenoid 30. More specifically, while 
the second rotary solenoid 30 is OFF, the prism 29 is 
held at a standby position shifted from the microscope 
optical system, as indicated by the dotted line in FIG. 1. 
When the second rotary solenoid 30 is ON, the prism 29 
is pivoted to a set position where the prism 29 is partly 
inserted into the optical patfi (optical axis a) of ttie 
microscope optical system, as indicated by the solid line 
in FIG. 1. At this time, the prism 29 is disposed such that 
an image from the LCD monitor 26 Is formed on a plane 
substantially flush with the imaging position of the 
microscope optical system. 

[0026] Note that the surfaces of the prism 29 except 
for tiie incident and exit surfaces are entirely painted 
black. The second rotary solenoid 30 is connected to a 
second solenoid driving circuit 31. 
[0027] To perform both observation with the surgical 
microscope 2 and observation with ttie endoscope, the 
hard endoscope 3 is inserted into a region during oper- 
ation of ttie surgical microscope 2. While ttie hard endo- 
scope 3 is used, a second TV camera 32 mounted on 
the proximal end portion of ttie hard endoscope 3. As 
shown in FIG. 2. ttie TV camera 32 is connected to a 



second CCU 33. The second CCU 33 of ttie TV camera 
32 and the first TV camera 12 as a component of ttie 
image sensing optical system are connected to a video 
mixer 34. A VTR 35 and a TV monitor 36 are connected 
5 to the video mixer 34. 

[0028] A microscope frame incorporates a controller 
37. An input means 38 including a focus switch, zoom 
switch, and observation nxxJe switch (not shown), the 
first solenoid driving circuit 21, the second solenoid driv- 
w ing circuit 31, the Bquid crystal driver 9, and ttie video 
mixer 34 are connected to the controller 37. 
[0029] As shown in FIG. 1 . a luminance sensor 39 is 
placed between the haff mirror 1 0 and the second imag- 
ing lens 1 1 of the image sensing optical system of ttie 
IS microscope 2. Th e luminance sensor 39 is connected to 
ttie controller 37 (see FIG. 2). The controller 37 drives 
the second rotary solenoid 30 to change ttie shape of 
ttie liquid crystal shutter 8 in accordance witti the oper- 
ation of ttie observation mode switch (not shown) of ttie 
20 input means 38, e.g., the operation of switching ttie 
mode of using only tfie surgical microscope 2 to the 
mode of using Ixrth the surgical microscope 2 and the 
hard endoscope 3. 

[0030] The function of the syrfem 1 having ttie above 
25 arrangement will be descrit)ed next. In using ttie surgi- 
cal microscope system 1 of ttiis embodiment, the oper- 
ator moves ttie microscope frame (not shown) to 
position ttie microscope optical system of ttie surgical 
microscope 2 above a region, and observes the region. 
30 [0031] When tfie region is to be obsen^ed, ttie obser- 
vation light emitted from a light source unit (not shown) 
emerges from ttie light guide 18. While the first rotary 
solenoid 20 is OFF. the half mirror 19 is held at ttie 
stanctoy position offset from the illumination optical sys- 
3S tem, as indicated by the dotted line in FIG. 1 . The entire 
observation light emerging from the light guide 18 is 
focused by the condenser lens 17 and applied to the 
region ttirough the illumination field stop 16, the zoom 
illumination optical system 15, the prism 14, and ttie 
<o objective lens 4. In this state, ttie observation light con- 
forming to ttie shape of the illumination field stop 16 is 
guided, in a proper size con-esponding to ttie zoom opti- 
cal system 5 as a component of the microscope optical 
system, to the region by the zoom illumination optical 
45 system 15. 

[0032] The observation light reflected by ttie region 
strikes the objective lens 4 and is guided to an eye of ttie 
operator ttirough ttie zoom optical system 5. ttie imag- 
ing lens 6, ttie liquid crystal shutter 8, and ttie eyepiece 
so lens 7, theret>y allowing observation of the region under 
magnification. At this time, ttie liquid crystal shutter 8 is 
shaped as shown in FIG. 3A In accordance witti the out- 
put from the liquid crystal driver 9, That is, the liquid 
crystal shutter 8 has a circular lighl-trananitting portion 
55 41 that perfecUy transmits light and a light-shielding por- 
tion 42 formed around ttie light-trar^tting portion 41. 
Ught is completely shielded by ttie light-shielding por- 
tion 42. The inner diameter of ttie circular light-transmit- 
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ling portion 41 is set to be slightly smaller than the 
diameter of an image circle 40 (incficated by the dotted 
line in FIQ. 3A) on the imaging plane formed by the 
microscope optical systeoL The liquid crystal shutter 8 
serves as the field stop of the microscope optical sys- 5 
tern by completely shielding light with the light-shielding 
portion 42 outside the light-transmitling portion 41 . With 
this arrangement, the operator can obtain a microscope 
observation image that is made sharp up to its periph- 

[0033] While the region is observed under magnifica- 
tion, the half mirror 10 deflects part of the observation 
light beam passing through the microscope optical sys- 
tem in the direction of the optical axis b extending in a 
direction perpendcular to the optical axis a of the micro- is 
scope optical system The light beam deflected by the 
half mirror 10 is lormed into an image on the image 
senang element (not shown) of the first TV camera 12 
through the second imaging lens 11. The microscope 
observation image formed on the image sensing ele- 20 
ment Is converted into an electrical signal and sent to 
the first CCU 13. 

[0034] The first CCU 1 3 converts the received electri- 
cal signal into a video signal and outputs it to the video 
mixer 34. In this state, since the hand endoscope 3 is not 2s 
used, the video mixer 34 outputs only the microscopic 
obsen/ation image to the TV nwnitor 36 and the VTR 
35. A nurse and the lilce can therefore ot>serve the state 
of the region by visually checking a microscopic obser- 
vation image R The state of the region (microscopic so 
obsenmtion image P) can be recorded by the VTR 35. 
as needed. 

[0035] When the endoscope is to be concurrently 
used to observe a blind spot of the microscope 2, the 
operator holds the hard endoscope 3 mounted on the 3S 
microscope holder or the like (not shown) with his/her 
hand and inserts it into the region. In this case, the oper- 
ator inserts the hard endoscope 3 into the region with 
greatest care so as not to damage the neighboring tis- 
sue, and introduces it to a desired observation position. 4o 
During this operation, the second TV camera 32 
mounted on the hard endoscope 3 senses an image 
(endoscopic image) of the hard endoscope 3 and out- 
puts the video signal to the video mixer 34 through the 
second CCU 33. When the observation mode swvitch as 
(not shown) mounted on the input means 38 is oper- 
ated, the controller 37 receives a signal from the switch 
and outputs driving (controQ signals to the first solenoid 
driving circuit 21 . the second solenoid driving circuit 31 . 
the liquid crystal driver 9. and the video mixer 34. so 
[0036] Upon reception of the driving signals, the first 
solenoid driving circuit 21 and the second solenoid driv- 
ing circuit 31 supply driving power to the first and sec- 
ond rotary solenoids 20 and 30. As a result, the first and 
second rotary solenoids 20 and 30 are turned on. 55 
[0037] When the first rotary solenoid 20 is turned on, 
the half mirror 19 is inseled into the optical path of the 
illumination optical system, and part of the illumination 



light is deflected in the direction of the condenser lens 
22. The deflected illumination light is focused by the 
condenser lens 22 and guided to the optical diffusing 
plate 25 through the mirrors 23 and 24. The iUumination 
light beam incident on the optical diffusing plate 25 is 
reflected diffusely The light reflected diffusely by the 
optical <fiff using plate 25 serves as backlight for the LCD 
monitor 26. 

[0038] An arbitrary image selected by an image selec- 
tor (not shown) can be projected on the LCD monitor 26. 
In this embodiment, an endoscopic image is projected 
on the LCD monitor 26 by a selector function (not 
shown). 

[0039] When the second rotary solenoid 30 is turned 
on. together with the first rotary solenoid 20, the prism 
29 is inserted into part of the light beam from the micro- 
scope optical system. As a result the endoscopic image 
projected on the LCD monitor 26 is formed on the liquid 
crystal shutter 8 by the imaging lens 27 through the mir- 
ror 28 and the prism 29. In this case, since the prism 29 
is painted blacK a portion, of the light beam from the 
microscope optical system, which is vignetted by the 
prism 29 Is absorbed by the prism 29 and does not 
reach the liquid crystal shutter 8. Note that the light 
beam from the microscope optical system is also 
formed into an image on the liquid crystal shutter 8 at a 
plane substantially flush with the imaging position of the 
endoscope. 

[0040] Upon reception of the control signal from the 
controller 37, the liquid crystal driver 9 changes the 
transmittance of the liquid crystal shutter 8 as shown in 
FIG. 3B. In this embodiment, a light-transmitting portion 
43 that perfectly transmits a light beam is formed on the 
upper left of the visual field of the liquid crystal shutter 8. 
An area where the endoscopic image projected on the 
LCD monitor 26 is formed is placed in the light-transmit- 
ting portion 43. 

[0041 1 A fight-attenuating portion 44 that attenuates 
light at a predetermined ratio is formed on a portion, of 
the circular area slightly smaller than the image circle 40 
(indicated by the dotted line in FIG. 3B) formed by the 
microscope optical system, other than the light-trans- 
mitting portion 43 serving as the imaging area for the 
LCD monitor 26. A light-shielding portion 45 that com- 
pletely shields light is formed on a portion of the liquid 
crystal shutter 8 other than the light-transmitting portion 
43 arxi the light-attenuating portion 44. 
[0042] The attenuation ratio of the fight-attenuating 
portion 44 is determined as foUows. The iUuminance of 
an observation light beam 6 detected by the luminance 
sensor 39 between the half mirror 10 and second imag- 
ing lens 1 1 as conr^nents of the photographing optical 
system. The detection data from the luminance sensor 
39 is input to the controller 37. The controller 37 com- 
putes the luminance data from the luminance sensor 39 
and outputs a control signal to the Dquid wystal driver 9 
to set the luminances of the microscopic image and 
monitor image at the optimal ratio for ttie operator. With 
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this operation, the operator can stnuittaneously otjserve 
the microscopic image and the LCD monitor image (the 
observation image obtained with the hard endoscope 3) 
formed on the VtqukS crystal shutter 8 at the optimal light 
amount ratio through the eyepiece lens 7. 
[0043] When the surgical microscope 2 and the hard 
endoscope 3 are used concurrently in this manner, the 
microscopic image sensed by the first TV camera 12 
and the endoscopic image sensed by the second TV 
camera 32 are input to the video mixer 34. Upon recep- 
tion of the control signal from the controller 37 in this 
state, the video mixer 34 switches the image modes for 
output operation for the TV monitor 36 and the VTR 35 
as follows. As described above, when the surgical 
microscope 2 is to be used alone, the video mixer 34 
maintains the image mode for entire window display, in 
which only the microscopic image is output to the dis- 
play SCTeen of the TV monitor 36 as shown in FIG. 4A. 
When the surgical microscope 2 and the hard endo- 
scope 3 are to be used together, the video mixer 34 is 
switched to the image mode for master/siijsidiary win- 
dow display, in which a nraster window 46 having a large 
display area and a subsidiary window 47 having a dis- 
play area smaller than thai of the master window 46 are 
formed on the display screen of the TV nx>nitor 36. as 
shown in FIG. 49. in response to the control signal from 
the controller 37. In this embodiment, the windows are 
displayed on the TV monitor 36 in the same manner in 
which the operator observes the region with the naked 
eye. That is, the microscopic image is displayed in the 
master window 46, and at the same time, the subsidiary 
window 47 is located at the upper left position in the vis- 
ual field of the master window 46. The endoscopic 
image is displayed in the subsidiary window 47. The 
video signal of the master and subsidiary windows on 
the TV monitor 36 is also sent to the VTR 35 to be 
recorded. 

[0044] As described above, in this embodiment, the 
controller 37 for changing the shape of the liquid crystal 
shutter 8 upon interlocking with the operation of the sec- 
ond rotary solenoid 30 is used to change the field stop 
of the image projection optical system L by means of the 
liquid crystal shutter 3 as follows. In the normal micro- 
scopic observation mode, the shape of the liquid crystal 
shutter 8 is set as shown in FIG. 3A to obtain a circular 
visual f ieki formed by the circular field stop including the 
circular light-transmitting portion 41 and the peripheral 
light-shielding portion 42. When the surgical micro- 
scope 2 and the hard endoscope 3 are to be i^ed 
together, the shape of the field stop of the liquid crystal 
shutter 8 is changed as shown in FIG. 3B to allow simul- 
taneous display of the image from the LCD monitor 26 
and the microscopic observation image. With this 
arrangement since visual fields that are not restricted 
by the general image circle 40 can be obtained, the 
de^ee of freedom increases in terms of the imaging 
position of an image from the LCD monitor 26. In addi- 
tion, vignetting of a microscopic observation image 



obtained when endoscopic observation is also per- 
formed can be minin^ed, and a proper visual field can 
be obtained by shifting the imaging position of th LCD 
monitor 26 outside the visual field of the microscope as 
5 far as poss(t>le witNn the performance of the eyepiece 
lens 7. In the microscopic observation mode, an optical 
image conparaWe in quality to a general microscopic 
image can be obtained. 

[0045] In this eml)odiment. since illurrtnation light 
10 from the microscope light source is used as bacWight for 
the LCD monitor 26, there is no need to prepare a back- 
light source incorporating an inverter and the like. Heat 
generation in the min^or barrel portion can therefore be 
suppressed. 

IS [0046] When an image on the LCD monitor 26. e.g.. 
an erxloscopic image, is to be observed, light is only 
required to orient the endoscope, and hence an illumi- 
nation amount as large as that in general miaoscopic 
observation is not required. If. therefore, a surplus 
20 amount of light is used for backlight as in this embodi- 
ment the illumination efficiency improves. 
[0047] In this embodiment since the excessive differ- 
ence between the brightness of a microscopic ot^erva- 
tion image and that of an endoscopic Image from the 
25 LCD monitor 26 makes It difficult to perform observa- 
tion, the transmittance of the liquid crystal shutter 8 is 
automatically changed in accordance with the bright- 
ness of each observation image. Therefore, the opera- 
tor can always observe both images with the optimal 
30 brightness, and can efficiently perform a surgical opera- 
tion. 

[0048] Furthermore, in this embodiment, in simultane- 
ously observing an endoscopic image, a person can 
obtain the same visual field as that of the operator with 
35 respect to images on the TV nronitor 36 and the VTR 
35. This serves an educationally useful function for stu- 
dents and greatiy improves the efficiency in provision of 
assistance from assistants, nurses, and the like, pro- 
ducing great effects. e.g., shortening the operation time 
40 and reducing the loads on the operattjr and the patient 
[0049] This embodiment has exemplified only the 
case wherein microscopic image light is attenuated on 
the premise that a microscopic image is generally 
brighter than an LCD monitor imaga When, however, a 
45 relatively dark image such as a red-reflex Image is to be 
observed as in a case wherein the present invention is 
applied to ophttialmology, this relationship may be 
reversed. Such a case can be handled by changing ttie 
relationship between ttie light-attenuating portion 44 
so and ttie light-transmitting portion 43. 

[0050] In this embodiment the liquid crystal shutter 8 
serving also as a field stop is placed at both the imaging 
positions of the surgical microscope 2 and ttie hard 
endoscope 3 to control the brightness of each of the 
55 Observation images olrtained by the surgical micro- 
scope 2 and the hard endoscope 3, However, a men*er 
(brightness control member) for controlling brightness 
may be placed independently of a field stopi For exam- 
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pie, a liquid crystal shutter or detachable ND filter may 
be placed at the afocal Dght beam portion of a micro- 
scopic optical imaga With this arrangement since no 
dot expansion of the brightness control member due to 
the eyepiece lens 7 occurs, a Oquid crystal Gutter with 5 
relatively coarse dots can be used without any prob- 
lems. This allows a reduction in cost In addition, when 
an ND filter is used, since no liquid crystal driver is 
required, a further reduction in cost can be attained with 
high reliabifrty. 

[0051] In this embodiment a window on the liquid 
crystal display is displayed while being 
inserted/removed into/from a microscopic observation 
image. However, the present invention ts not limited to 
this. That is, as shown in FIG. 5. a fixed mirror 1 00 may is 
be used in place of the movable prism 29. and the LCD 
monitor 26 may be replaced with another di^Iay 
means. e.g.. a CRT display 101. In this arrangement 
when no image observation is to be performed, the liq- 
uid crystal shutter 8 is controned as shown in Fia 6A to so 
allow the operator to observe only a microscopic optical 
image. More specifically, the liquid crystal shutter 8 is 
controlled to have a light-shielding portion 102 indicated 
by the hatching and a light-transmitting portion 103 
slightly smaller than a microscopic image circle 104. 2s 
When microscopic observation and image observation 
are to be performed at once, the liquid crystal shutter 8 
is controlled as shown in FIG. 6B to allow the operator 
to observe an image through a second light-transmitting 
portion 105 as well as a microscopic optical image. 30 
More specifically, the light beam emerging from the CRT 
display 101 is guided to the eyepiece lens 7 through the 
imaging lens 27, the mirror 28, the min-or 100, and the 
second light-transmitting portion 1 05 of the fiquid crystal 
shutter 8 so as to be observed at the upper left of the 36 
microscopic observation image. Reference numeral 106 
denotes a light-shielding portion to be formed when 
microscopic observation and image observation are 
preformed concun^ently. As described above, according 
to the arrangement shown in FIG. 5, since the prism 40 
inserting/removing mechanism can be omitted, reduc- 
tions in size, weight, and cost can be attained. 
[00521 FIGS. 7 to 11 A and 1 1B show the second 
embodiment of the present invention. This embodiment 
is a modification of the first embodiment The same ref- 45 
erence numerals in the second embedment denote the 
same parts as in the first embodiment and a description 
thereof will be omitted. 

[0053] In this embodiment one objective lens 4 is 
placed below the lower surface of a microscope body 51 so 
of a surgical microscope 2. and a pair of right and left 
eyepiece lenses 7 (for the right and loft eyes) are 
arranged above the upper surface of the microscope 
body 51 . Right and left obsenralion optical systems 52R 
and 52L constituting a microscope optical system are ss 
arranged between the obgective lens 4 and the right and 
left eyepiece lenses 7. Note ttial since the observation 
optical systems 52L and 52R have the same arrange- 



ment only the observation optical sy^em 52L for the 
left eye win be described below unless required. 
[0054] In the observation optical system 52L for the 
left eye, a zoom optical system 5. a prism 53, and an 
imaging lens 6 are sequentially an^anged. The prism 53 
is di^josed to pivot about an axis a^ on the extended 
line of the optical axis of the zoom optical system 5. The 
prism 53 of the observation optical system 52R for the 
right eye is placed to pivot about an axis ag on the 
extended line of the optical axis of the zoom optical sys- 
tem 5 in the same observation optical system. 
[0055] A first luminance sensor 54 (to be described 
later) is anranged between the prism 53 and the imaging 
lens 6. First and second field stops 55 and 56 are 
arranged between the imaging lens 6 and the eyepiece 
lens 7. The first field stop 55 is fixed to the imaging 
plane of the imaging lens 6 and is shaped to ensure a 
viaial field for a light beam from the microscope optical 
system and a light beam from an LCD monitor 26 (to be 
described later), as shown in FIG. 9. One end of tiie 
second field stop 56 is mounted on the shaft of a first 
rotary solenoid 57 to be pivoted by the rotary solenoid 
57. More specifically, the second field stop 56 is held at 
the set position indicated by the chain line in FIG. 9 
while the rotary solenoid 57 is OFF. and is pivoted to the 
standby position indicated by tfie sofid line in FIG. 9 
when the rotary solenoid 56 is ON. Note that the first 
and second field stops 56 are substantially flush with 
each other. 

[0056] In this emlxxliment as in the first embodiment 
a monitor observation optical system (image projection 
optical system) is constituted by the LCD monitor 26, an 
imaging lens 27, a mirror 28, and a prism 29. The prism 
29 is mounted on the rotating shaft of a second rotary 
solenoid 30 and is inserted/removed into/from the opti- 
cal path of the microscope optical system upon rotation 
of the solenoid 30. In this ennbodiment, a backlight 58 
for the LCD monitor 26 is disposed within a plane per- 
pendicular to the axes a^ and the microscope opti- 
cal system. Two prisms 59 (for the right and left eyes) 
are arranged above tfie bacWight 58. One end of each 
of the prisms 59 is supported to be pivotal about the 
axes a^ and ag. The other end of each of the prisms 59 
faces the lower surface of the LCD monitor 26 at a cfis- 
tance therefrom. A second luminance sensor 60 is 
mounted between the LCD monitor 26 and the imaging 
lens 27. 

[0057] The prism 53 and the prism 59 are interlocked 
with each other through an intertocWng mechanism (not 
shown). The LCD monitor 26, the second luminance 
sensor 60, the imaging lens 27, the mirror 28, the prism 
29, and the second rotary solenoid 30 constituting the 
monitor observation optical system are arranged on ttie 
pivot end side of the prism 59. This system is driven 
upon interiocking with the prism 59. 
[0058] A bram splitter 6 1 is inserted between the right 
and left zoom optical systems 5 and prism 53 of the 
microscope optical system. The beam splitter 61 is posi- 
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tioned to defied part of a light beam from the micro- 
scope optical system in a cfiredion (the direction of an 
optical axis fa) perpendicular to the light beam. A second 
imaging lens 11 is placed along the optical axis b from 
the beam flitter 61. A first TV camera 12 is placed at 5 
the imaging plane of the second imaging lens 11. As 
shown in FIG. 8. the first TV camera 12 is connected to 
a first ecu 13. As in the first embodiment, the first CCU 
1 3 is connected to a video mixer 34. 
[0059] The illiimination optical system of this embodi- 10 
ment has a lanp 62 incorporated in the microscope 
body 51 of the surgical microscope 2. As in the first 
embodiment, a prism 1 4 for aiumination light is placed at 
a position offset from the optical axes a^ and ag of the 
microscope optical system, A zoom illumination optical is 
system 15 is placed behind the prism 14. 
[0060] An LCD shutter 63 is placed at a position con- 
jugate to the illumination field in which an illumination 
field stop 16 is placed in the first embodiment. The LCD 
shutter 63 is switched between the first state shown in 20 
Fia IIAandthesecondstateshowninFIG. 11B. More 
specifically, in the first state shown in FIG. 1 1 A, a circu- 
lar light-transmitting portion 63a is formed, together with 
a light-shielding portion 63b fbnmed around the light- 
transmitting portion 63a. When the LCD shutter 63 is 2S 
switched to the state shown in FIG. 11 B, a light-attenu- 
ating portion 63c having an arbitrary size is formed at an 
artaitrary position within the light-transmitting portion 
63a. A condenser lens 17 is disposed between the LCD 
shutter 63 and the lamp 62. Note that the zoom illumina- 30 
tion optical system 15 is intertocked with the zoom opti- 
cal system 5 of the microscope optical system through 
an interlocking mechanism (not shown) as in the first 
embodtmem. 

[0061 ] As shown in FIG. 8, the LCD shutter 63 is con- 35 
nected to an LCD driver 64. The LCD driver 64 re con- 
nected to a workstation 65 for navigation. A 
magnification detection means 66 is provided for the 
right and left zoom optical systems 5 of the microscope 
optical system The magnification detection means 66 is 40 
connected to the workstation 65. A navigation image 
sensing section 67 and a controller 68 are connected to 
the workstation 65. The first luminance sensor 54, the 
second luminance sensor 60, an input moans 38, and a 
video mixer 34 are connected to the controller 68. 4s 
[0062] The backlight 58 is connected to a backlight 
power supply 69 incorporating a brightness adjusting 
circuit A second rotary solenoid 30 is connected to a 
second solenoid driving circuit 31. The first rotary sole- 
noid 57 is connected to a first solenoid driving circuit 70. so 
The twcklight power supply 69, the second solenoid 
driving drcuil 31. and the first solenoid driving circuit 70 
are connected to the corrtroller 68. The lanp 62 is con- 
nected to a Irightness adjusting circuit 71. The bright- 
ness adjusting drcurt 71 is connected to the conb^oDer ss 
68. 

[0063] A hard endoscope 3, a second TV camera 32, 
and a second CCU 33 respectively have the same 



arrangements as those in the first embodiment The 
second CCU 33 is connected to the video mixer 34. A 
VTR 35 and a TV monitor 36 are connected to the video 
mixer 34. In this embodiment, a marker 72 for hard 
endoscope navigation is mounted on the hard endo- 
scope 3. A nwker 73 for microscope navigation is 
mounted on the microscope body 51 of the microscope 
2. 

[0064] The function of the surgical microscope system 
1. of this embodiment will be described next. 
[0065] In using the surgical microscope system 1 of 
this embodiment the operator moves the microscope 
frame (not shown) to position the microscope optical 
system of the surgical microscope 2 above a region, 
and observes ttie region. In observing the region, the 
illumination light emitted from the lamp 62 is focused by 
the condenser lens 1 7 and applied to tfie region through 
the LCD shutter 63, the zoom illumination optical sys- 
tem 15. the prism 14. and the objective lens 4. At this 
time, the LCD shutter 63 is heW in the first state in FIG. 
1 1 A by the LCD driver 64. In the first state, the Illumina- 
tion light transmitted through the light-transmitting por- 
tion 63a of the LCD shutter 63 is applied to the region, 
and the illumination light incident on the light-shielding 
portion 63b is shielded. Since the LCD shutter 63 is 
located at a position conjugate to tiie illumination field 
plane, the shape (drcle in this embodiment) of the light- 
transmitting portion 63a is projected on tiie illumination 
field plane. The LCD shutter 63 therefore serves as an 
illumination field stop. Other functions of the LCD shut- 
ter 63 are the same as those in the first embodiment. 
[0066] The observation light reflected by the region is 
inddent on the objective lens 4 and guided to an eye of 
the operator through tfie zoom optical system 5, the 
beam splitter 61, the prism 53. the imaging lens 6, the 
first field stop 55. the second field stop 56, and the eye- 
piece lens 7. This allows observation of tiie region 
under magnification. At this time, since the first rotary 
solenoid 57 is held in the OFF state, the second fiekj 
stop 56 is located at the position indicated by the chain 
line in FIG. 9. The field stop formed by the first and sec- 
ond field stops 56 is slightiy smaller than an image drde 
40 formed by the microscope optical system. Hence, 
the operator can otstain a microscopic observation 
image that is made sharp up to its periphery. 
[0067] Part of the light beam deflected by the beam 
splitter 61 is inddem on the first TV camera 12 through 
the second imaging lens 1 1 and converted into an elec- 
trical signal by an image sensing element (not shown). 
This electrical signal is sent to the first CCU 13. The first 
CCU 13 converts ttie received electrical signal into a 
standard video signal and outputs it to the video mixer 
34. In this state, since the endoscope is not used, the 
video mixer 34 outputs only the microscopic observa- 
tion image to the TV monitor 36 as in the first emtxxfi- 
ment A nurse and the like can therefore otjserve the 
state of the region by visually checking the display 
screen of the TV monitor 36. 
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[0068] At this time, the navigation irrage sensing sec- 
tion 67 senses the niarker 73 attached to the micro- 
scope body 51 of the surgicaJ microscope 2 by using 
three image sensing elements (not shown), and serxte 
the resultant data to the workstation 65. The worksta- 5 
tion 65 calculates the position of the miaoscope body 
51 of the surgical microscope 2 and the oljservation 
position of the surgical microscope 2 on the basis of the 
received data. The calculation results are delayed on 
a monitor (not shown) or the like, and the operator can 10 
specify the current treatment region on an inrage such 
as a pre-diagnostic image. 

[0069] When the endoscope is to be used togeth^ 
with the microscope 2 to observe a blind spot of the 
microscope 2, the operator holds the hand endoscope 3 is 
mounted on the endoscope holder or the like (not 
shown) with his/her hand and inserts it into the region. 
During insertion of the hard endoscope 3, the second 
TV camera 32 mounted on the hard endoscope 3 
senses the observation image obtained by the hard so 
endoscope 3. and outputs the video signal to the video 
mixer 34 through the second CCU 33. In this case, the 
operator inserts the hard endoscope 3 into the region 
with great care while observing with the microscope so 
as not to damage the neighboring tissue. 2s 
[0070] During insertion of the hard endoscope 3, the 
navigation image sensing section 67 senses the marker 
72 attached to the hard endoscope 3 by using the three 
image sensing elements (not shown), and sends the 
resultant data to the workstation 65. At the same time, a 3o 
marker 73 for the microscope is also sensed by the nav- 
igation image sensing section 67. and the resultant data 
is sent to the workstation 65. The workstation 65 calcu- 
lates the position of the microscope body 51 of the sur- 
gical microscope 2, the ot»servation position of the 35 
surgical microscope 2. the position of the distal end of 
the hard endoscope 3. and tiie observation position of 
the hard endoscope 3 on the basis of the received data 
on the marker 73 for the microscope and the data on the 
marker 72 on the hard endoscope 3. 40 
[0071 1 Upon detecting a state in which the observation 
position of the hard endoscope 3 overlaps the observa- 
tion position of the microscope 2, the workstation 65 
outputs a control signal to the LCD driver 64. Upon 
reception of the control signal, the LCD driver 64 con- 45 
trols the LCD shutter 63 to switch its state from the first 
stale in FIG. 11 A to the second state in FIG. 11B. That 
is, the light-attenuating portion 63c is formed on part of 
the light-transmitting portion 63a of the LCD shutter 63. 
The size and position of the light-attenuating portion so 
63c vary depending on the size and position of the 
observation portion of the hard endoscope 3 with 
respect to the observation fieki of the surgical micro- 
scope 2. and are controlled by a control signal from the 
workstation 65. 55 
[0072] The workstation 65 calculates information indi- 
cating the relationship between the observation position 
of the hard endoscope 3 and the poation of the LCD 



shutter 63 for forming an illumination field stop, i.e., 
infomriation indicating whether the obsenration position 
of the hard endoscope 3 corresponds to the position of 
the LCD shutter 63, on the basts of the detected data on 
the observation positions of the surgical microscope 2 
and tiie hard endoscope 3. The workstation 65 then 
continuously designates ttie data on the observation 
position of the hard endoscope 3 on the LCD shutter 63 
to the LCD driver 64. In this case, the workstation 65 
receives data on the size of the light-attenuating portion 
63c from the magnification detection means 66 
mounted on tiie zoom optical system 5. calculates the 
ratio of tiie endoscopic observation portion to the micro- 
scopic observation range, and continuously instructs 
the LCD driver 64. With this operation, as shown in FIG. 
10B. illumination light on the microscope Is always 
attenuated at an observation portion E of the hard endo- 
scope 3. 

[0073] When the operator operates the observation 
mode switch (not shown) mounted on the input means 
38 after guiding the hard endoscope 3 to a desired 
observation position while watching a microscopic 
image, the controller 68 receives the resultant signal 
and outputs driving (control) signals to the vWeo mixer 
34. the backlight power supply 69. tiie second solenoid 
driving circuit 3 1 , and the first solenoid driving circuit 70. 
Upon reception of Uie signal from the controller 68, the 
video mixer 34 switches the display screen of the TV 
monitor 36 to the image mode for master/sutjsidiary 
window display as in the first embodiment. As a result 
as shown in FIGS. 10A and 10B, a microscopic image is 
displayed in a master window 46 having a large di^lay 
area, and an endoscopic image is displayed on a sut>- 
sidiary window 47 placed at an upper left position witii 
respect to the visual field of the master window 46. 
[0074] Upon reception of tiie driving signal from tiie 
controller 68. the backlight power supply 69 supplies 
power to the backlight 58. As a result the backlight 58 is 
turned on. When tiie backlight 58 is turned on. the light 
beam emitted from tiie backlight 58 is applied to the 
LCD monitor 26 through ttie prism 59. At the same time, 
upon reception of the driving signals from tiie controller 
68, tiie second solenoid driving circuit 31 and the first 
solenoid driving drcuit 70 respectively supply driving 
power to the second rotary solenoid 30 and the first 
rotary solenoid 57. As a result, the second rotary sole- 
noid 30 and tiie first rotary solenoid 57 are turned on. 
[0075] When the second rotary solenoid 30 Is turned 
on, the prism 29 is pivoted from the position indicated by 
Uie dotted line to the position indicated by the solid line 
in FIG. 7 as in ttie first embodiment. With this operation, 
image light from the LCD monitor 26 Irracfiatod with ttie 
fight from the backlight 58 is fomied into an image at the 
LCD imaging position 74 flush witti the first field stop 55 
tiirough ttie imaging lens 27, the mirror 28. and the 
prism 29. As in the first embodiment alttiough various 
images can be displayed on ttie LCD nxjnitor 26. the 
endoscopic image observed witti the hard endoscope 3 
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is selected by an image selector (not shofwn) and dis- 
played in this embodmenl In addition, as in the first 
embodiment, since the prism 29 is painted btacK a por- 
tion, of the light beam from the microscop optical sys- 
tem, which is vignetted by the prism 29 does not reach 
the imaging position at which the field stop is formed. 
[0076) When the fsrst rotary solenoid 57 is turned on, 
the second field stop 56 mounted on the shaft of the 
solenoid 57 moves to the position indicated by the solid 
line in Fia 9. That is, the shape of the field stop 
changes such that the light beam is transmitted through 
not only the inside of the image circle 40 of the micro- 
scopic image but also and LCD imaging position 74. At 
this time, the controller 68 detects the brightness of the 
microscopic optical image from the detection signal 
from the first luminance sensor 54. and the brightness 
of the inoage from the LCD monitor 26 from the detec- 
tion signal from the second luminance sensor 60. and 
outputs brightness adjusting signals to the brightness 
adjusting circuit 71 and the backlight power supply 69 to 
make the respective luminances alnx>st equal to each 
other. The difference between the optical image from 
the surgical microscope 2 and the image from the LCD 
monitor 26 may be properly adjusted by a setting sec- 
tion (not shown) incorporated in the controller 68 
because the proper brightness ratio varies depending 
on a case, the type of image to be projected, the prefer- 
ence of the operator, and the like. 
[0077] In addition, in this embodiment, when an eye 
distance adjusting section (not shown) is adjusted to 
adjust the distance between the right and left eyepiece 
lenses 7 of the surgical microscope 2, the prism 53 piv- 
ots about the axes a^ and ag on its on© end side. In this 
case, since the luminance sensor 54, the inwging lens 
6, the first field stop 55, the second field stop 56, the first 
rotary solenoid 57, and the eyepiece lens 7 are inte- 
grally mounted on the other side (pivot end side) of the 
prism 53, these conponents also pivot as the prism 53 
pivots, thus allowing proper observation. Furthermore, 
since the prism 59 pivots atwut the axes a^ and a^ on its 
one end side ipon irrteriocWng with the prism 53, the 
LCD monitor 26, the second luminance sensor 60, the 
imaging lens 27, the mirror 28. the prism 29, and the 
second rotary solenokJ 30, which are mounted on the 
other end side of the prism 59, move in accordance with 
the movement of the prism 59. This allows the operator 
to observe the LCD monitor 26. With these functions, 
therefore, the operator can simultaneously observe the 
microscopic optical image through ttie eyepiece lenses 
7 and the endoscopic image projected on the LCD mon- 
itor 26 witti a proper eye distance and an optimal optical 
amount ratio. 

[0078] As described above, in this embodiment, the 
first and second field stops 55 and 56 are irviependentiy 
arranged, and ttie second field stop 56 is detachably 
mounted on ttie first field stop 55. In this case, in the 
normal operation mode i^ng the microscope 2, a circu- 
tar visual field can be obtained by a circular field stop. 



When an image obtained by the hard endoscope 3 and 
displayed on the LCD nxwiitor 26 and an image 
obtained by the surgical microscope 2 ar t be simulta- 
neously observed, a visual field free from the normal 
5 image drcfe 40 can be obtained by witfidrawing ttie sec- 
ond field stop 56. Therefore, ttie degree of freedom 
increases in terms of ttie imaging position of ttie LCD 
monitor 26. 

[0079] In addition, vignetting of an observation image 
10 obtained by the microscope 2 when endoscopic obser- 
vation is also performed can be minimized, and a proper 
visual field can be obtained by shifting the imaging posi- 
tion of the LCD monitor 26 outade the visual field of ttie 
microscope 2 as far as possible wittiin the performance 
15 of ttie eyepiece lens 7. Furthermore, ttiis structure is 
simple, and hence can be realized at a low cost 
[0080] In this embodiment, ttie luminance of an optical 
image on the microscope 2 and ttie luminance of an 
image on the LCD monitor 26 are respectively detected 
20 by ttie first and second luminance sensors 54 and 60 to 
adjust ttie brightnesses of the lamp 62 and bacWight 58 
to an optimal light amount ratio. This allows tfie operator 
to always observe any observation images at optimal 
light amounts. In neurosurgical operations and the like. 
25 optical images on the microscope 2 are often observed 
in very bright conditions. If an Image on the LCD monitor 
26 is darker than an image on the microscope 2 in such 
a state, the light amount of the microscope 2 may be 
slightly reduced to make ttie operator easily observe ttie 
30 image on the LCD monitor 26. In contra^ to ttiis, when 
a red-reflex image or the like is to be observed in an 
operation in ophthalmology or the like, excessive bright- 
ness of an Image on ttie LCD monitor 26 makes it diffi- 
cult to see an optical image on the microscope 2. In this 
35 case, the two images can be easily observed by 
decreasing the luminance of the backlight 58. Even if 
the backlight 58 or lamp 62 deteriorates, and the light 
amount decreases, an optimal light amount ratio can 
always be obtained. 
40 [0081 ] In addition. In ttiis embodiment since light from 
one backlight 58 is split into two light beams by ttie right 
and left prisms 59 to be supplied to ttie LCD monftore 26 
for the right and left eyes, only one circuit for lighting the 
backlight 58 is required, an inexpensive arrangement 
<5 can be realized. In addition, since the prisms 59 pivot in 
accordance with the eye distance oven if the two LCD 
monitors 26 simultaneously move for eye distance 
acfiustment the backlight 58 need not mova This 
increases the degree of freedom in terms of observation 
50 and can prevent a wiring deterioration due to pivoting 
movement 

[0082] Furttiermore, in ttiis embodiment the observa- 
tion position of ttie hard endoscope 3 is detected by the 
navigation system, and a light-attenuating portion 75 for 
55 attenuating illumination light on the microscope 2 at this 
position is formed. This can prevent the light source for 
the microscope 2 from further illuminating a region fllu- 
minated by ttie hard endoscope 3. Assume that a halo- 
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gen light source is used as a light sourc on the hard 
endoscope 3 side, and a xenon light source is used as 
a light source for the microscope 2 sida In this case, 
since fliumination light from the xenon Dght source does 
not reach the region observed with the endoscope, 
endoscopic observation using the hard endoscope 3 
can always be pa^rmed with a good color balance as 
long as white balance is ensured for the hard endo- 
scope 3 alone. Assume that the distal end position of 
the hard endoscope 3 is detected by the navigation sys- 
tem, and the light-attenuating portion 75 (or attenuating 
illumination light on the microscope 2 is formed at this 
portion. In this case, even if the distal end of the hard 
endoscope 3 shifts from a blind spot of the microscope 
2. the illumination light incident on the hard endoscope 
3 decreases in amount, and a halation or the Uke can be 
prevented. TTierefore, a good erKloscoptc image can be 
obtained by the hard endoscope 3. This embodiment 
has the ligftt-attenuating portion 75 for attenuating the 
light amount at the observation position or distal end 
position of the hard endoscope 3. Obviously, however, 
the same effect can be obtained by completely shielding 
light at this portion. 

10083] FIGS. 12 to 1 6C show the third entxxliment of 
the present invention. FIG. 12 shows the overall 
arrangement of a surgical miaoscope arxJ an endo- 
scope. Referring to FIG. 12, reference numeral 101 
denotes a microscope portion; 102. an objective lens 
common to right and left optical paths; 103, a zoom lens 
body having a parr of right and left magnification optical 
systems: and 104. an eyepiece barrel. The zoom lens 
body 103 incorporates an illumination optical system for 
irradiating a region with light from a light source and a 
light guide (none of which are shown). Referring to FIG. 
12, reference numeral 105 denotes a frame portion for 
three-drmensionally supporting the microscope portion 
101; 106, an endoscope; 107. a TV camera for shooting 
the observation image obtained by the endoscope 106; 
and 108, a CCU for the TV camera 107. 
[0084] The arrangement of the eyepiece ban-el 104 
will be desaibed next with reference to FIGS. 13 to 15. 
Note that since the right and left optical paths have the 
same arrangement only one optical path will be 
described. 

[0085] The eyepiece barrel 1 04 Is optically coupled to 
the zoom lens body 103. More specifically, in the eye- 
piece barrel 104, an imaging lens 109, a muror 110, an 
imago rotator 1 1 1 , a deflecting prism 1 1 2, and an eye- 
piece lens 1 14 are sequentially arranged from the zoom 
lens body 103 sida Reference numeral 1 15 denotes an 
ey^iece lens frame for holding the eyepiece lens 114. 
[0086] TTie prism 1 13 is si^jportod to be movable In a 
direction A indicated by the dotted line indicated by the 
dotted line in FIG. 13. The eyepiece lens 114 is sup- 
ported to be movable in a direction B indicated Ijy the 
dotted line in FIG. 13 upon movement of the prism 113. 
Reference numeral 121 denotes an image optical sys- 
tem holdng frame supported by the eyepiece lens 



frame 1 1 5 to be pivotal about the optical axis of the eye- 
piece lens 114. 

[0087] As shown in detail in FIGS. 14 and 15. the 
image optical system holding frame 121 has an image 
5 optical system (image projection optical system), i.e., a 
nxjnitor 120. a lens 1 19, a mirror 1 18, and a projection 
prism 1 1 7 which are sequentially arranged. An exit sur- 
face 124 of the projection prism 117 is substantially 
flush with an imaging plane 1 16 of the microscope opti- 
10 cal systCTTi. A reflecting surface 125 of the projection 
prism 1 17 is mirror-coated. 

[0088] The image optical system holding frame 121 
can be portioned with respect to the eyepiece lens 
frame 115 at 90*'-intervals by a known clicWng mecha- 
15 nism. Referring to FIG. 14, reference numeral 122 
denotes a sensor for detecting the angular state of the 
image optical system holding frame 121; and 123. a 
video mixer having a known image rotating function. 
The video mixer 123 receives a video signal from tfie 
20 ecu 108 and outputs the video agnal to the monitor 
120. In addition, tfie signal obtained by tiie sensor 122 
is input to the video mixer 123. 
[0089] The function of the surgical microscope having 
the above arrangement will be described next. 
2S [0090] Illumination light from a light source and a light 
guide (none of which are shown) is applied to a region 
by the illumination optical system incorporated in the 
zoom lens body 103 through the objective lens 102. The 
light reflected by the region passes tfirough the objec- 
30 tive lens 1 02 and the magnification optical system in the 
zoom lens body 103 to become an afocal light beam, 
and strikes the eyepiece barrel 104. The light incident 
on the eyepiece barrel 104 sequentially passes through 
the minror 110, tiie image rotator 111, the deflecting 
36 prism 112. and tiie prism 113 and is fomied into an 
image on the imaging plane 1 16 by the imaging lens 
109. The image on the imaging plane 116 is observed 
under magnification with the eyepiece lens 114. 
[0091 ] Eye distance adjustment in the eyepiece barrel 
40 1 04 will be described below. When the prism 1 1 3 slides 
in the direction A, the eyepiece lens 114 moves in the 
direction B, thereby canceling the change in optical path 
length upon sliding of the prism 113. In this embodi- 
ment, eye dtetance adjustment is performed by a known 
45 Jentzsche scheme. 

[0092] The image obtained by the endoscope 106 is 
converted into a video signal by the TV camera 107 and 
the CCU 108 and displayed on the monitor 120 through 
the video mixer 123. The Image light from the monitor 
50 120 is formed into an image on the imaging plane 116 
by the lens 119 through the mirror 118 and the projec- 
tion prism 117. Fia 16A shows the observation image 
on tiie eyepiece lens 1 14 at this time. As shown in FIG. 
16A, the microscopic image formed on the imaging 
55 plane 116 by the imaging lens 109 is sNelded by the 
mirror coat applied to the reflecting surface 125 of the 
projection prism 117. The image light from the monitor 
120 is formed into an image on the imaging plane 116 
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flush with the microscopic image by the projection prism 
117. The operator can therefore stmuitaneousty 
otTserve the microsooptc image and the monitor imaga 
In this <^e. since the exit surface 124 of the projection 
prism 1 17 is substantially flush with the imaging plane 
116. the exit surface 124 of the projection prism 117 
itself serves as the boundary between the microscopic 
image and the monitor image. 

[0093] In this embo<fiment. the position of the monitor 
image can be changed by rotating the image optical 
system holding frame 121. FIG. 16B shows the obser- 
vation image obtained by rotating the image optical sys- 
tem holding frame 121 through 90" counterclockwise 
from the state shown in FIG. 16A. When the image opti- 
cal system holding frame 121 is rotated, the rotation of 
the image optical system holding frame 121 is detected 
by the sensor 122. and the resultant signal is sent to the 
video mixer 123. The video mixer 123 afways keeps the 
monitor image in a predetermined direction by correct- 
ing the rotation of the monitor image on the basis of the 
signal from the sensor 122. as shown in FIG. 16C. 
[0094] As descrtoed above, according to the surgical 
microscope of this embodiment since the position of 
the monitor image projected on a portion of the visual 
field of the microscope can be moved within the visuaJ 
field of the microscope, the monitor image can be 
placed at a position where microscopic observation is 
not interfered. In addition, since the boundary between 
the microscopic image and the monitor image can be 
cleariy observed, each image can be reliably recog- 
nized. 

[0095] Although the image optical system holding 
frame 121 is manually rotated in this embodiment this 
frame may be rotated by using a stepping motor or the 
lil<e. In this case, the operator can chainge the positions 
of right and left monitor images together to arbitrary 
positions without using his/her hands. In addition, since 
the rotation of the image optical system holding frame 
121 can be detected by using a signal from the stepping 
motor, the sensor 122 becomes unnecessary. 
[0096] If tiie arrangement of this enr^odiment is com- 
bined with that of the first or second embodiment the 
functions and effects of the two ennbodimerrts can be 
obtained together. Assume that the projection prism 
11 7 is detachably mounted on the microscope optical 
system as in the first or seoorxi embodiment, and the 
respective constituent elements of the microscope opti- 
ca] system, the Illumination optical system, the image 
optical system (image projection optical system), the 
photographing optical system, and the control system 
have the same arrangements as those in the first or sec- 
ond embocfiment while the arrangement of the main 
part of this embodiment is maintained. In this case, the 
functions and effects of the first or second en*odiment 
can be oljtained together with the functions and effect of 
this embodiment 

[0097] FIGS. 1 7 to 22C show the fourtii embodiment 
of the present invention. Note that the same reference 



numerals in this emtxxfiment denote the same parts as 
in the third embodiment and a description thereof will 
be omitted. 

[0098] The anrangement of an image optical system 
5 will be described first with reference to FIGS. 17 to 20. 
Note that since the right and left optical path have the 
same arrangement only one optical path will be 
desCTtoed below. As shown in detail in FIG. 18, the 
image optical system comprfees a monitor 126, a min^or 
w 127. a lens 128, a min^or 129, a mirror 130, an imaging 
lens 131, and a projection prian 132. The direction of a 
light beam propagating from the mirror 129 to the min^or 
130 is the same as the direction (direction B) in which 
an eyepiece lens 1 14 moves when eye distance adjust- 
15 ment is performed. The mirror 130. the imaging lens 
131, and the projection prism 132 are supported by an 
eyepiece lens frame 1 1 5 to move together with the eye- 
piece lens 114 in eye distance adjustment These opti- 
cal elements 130. 131. and 132 can be moved along a 
20 shaft 133 in a direction C (parallel to an imaging plane 
116) indicated by the dotted line in FIG. 19. An exit sur- 
face 135 of the projection prism 132 is suljslantially 
flush with the imaging plane 116. A field mask 136 is 
formed around the exit surface 135 by coating, as 
25 shown in FIG. 20. 

[0099] The function of the surgical microscope having 
the above arrangement will be described next. 
[01 00] Image light from the monitor 1 26 is reflected by 
the mirror 127 and converted into an afbcal light beam 
30 by the lens 128. This light beam is reflected by the mir- 
rors 129 and 130 and formed into an image on the imag- 
ing plane 116 by the imaging lens 131 through the 
projection prism 132. FIG. 22A shows the observation 
image obtained at this time. As shown in FIG. 22A. 
35 since the field mask 136 is fonmed on the exit surface 
135 of the projection prism 132. the twundary between 
the microscope image and the monitor image is dis- 
pfayed. In addition, as shown in FIG. 228, when the 
endoscope 106 hides behind the monitor image, the 
40 projection prism 1 32, the imaging lens 131, and the mir- 
ror 130 may be moved along the shaft 133 to the posi- 
tions indicated by the dotted lines in FIG. 19. Witfi this 
operation, an observation image like the one shown in 
FIG. 22C can be obtained. The reason why such an 
45 observation image is obtained is based on the optical 
principle shown in FIG. 21. That is, since imago light 
from the monitor 126 is converted into an afocal light 
beam by the lens 1 28, the image on the monitor 126 can 
be projected onto the imaging plane 1 16 as long as the 
50 imaging lens 1 3 1 moves within the afocal light beam. 
[01 01 ] As described above, according to the surgical 
microscope of this emtxxliment. substantially the same 
effects as those of the third embodiment can be 
obtained, and an microscopic image circle 104 can be 
55 reduced in size because the overall image optical sys- 
tem need not be moved when a monitor image is to be 
moved. Furthermore, since the boundary between a 
microscopic image and a monitor image ts displayed. 
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each image can be easily discriminated as conpared 
with the thifd embodiment. This function is espectally 
effective for projection of a 3-D image (projection of a 3- 
D image as a monitor image), in which the parallax 
between the right and left eyes makes it difficull to dis- 
criminate the bouridary portion (the boundary portion 
between a microscopic image and a monitor image). 
[0102] In this embodiment, a field mask is formed as 
a rectangular frame, but the same effect can be 
obtained with a circular field mask. If the arrangement of 
this embodiment is combined with that of the first or sec- 
ond embocfiment, the functions and effects of the two 
emtjodiments can be obtained together. Assume that 
the projection prism 132 is detachably mounted on the 
microscope optical system as in the first or second 
embodiment, and the respective constituent elements 
of the microscope optical system, the illumination opti- 
cal system, the image optical system (image projection 
optical system), the photographing optical system, and 
the control system have the same arrangemertts as 
those in the first or second embodiment while the 
arrangement of the main part of this embodiment is 
maintained. In this case, the functions and effects of the 
first or second embodiment can be obtained together 
with the functions and effect of this embedment. 
101 03] FIGS. 23 to 26A and 26B show the fifth embod- 
iment of the present inventioa Note that the same refer- 
ence numerals in this embodiment denote the same 
parts as in the third and fourth embodiments, and a 
description thereof will be omitted. 
[0104] The anrangement of this embodiment will be 
described first with reference to FIG. 23. A projection 
prism 132 and an imaging lens 131 are supported to be 
movable in a direction D (optical axis direction) indi- 
cated by the dotted line in FIG. 23. Reference numeral 

138 denotes a sensor for detecting the movement 
amounts of the projection prism 132 and the imaging 
lens 131 . A signal from the imaging lens 131 is Input to 
a video mixer 1 39. The video mixer 1 39 has the function 
of changing the display range and magnification of an 
image. An endoscopic image aixi waveform infonnation 
from a nerve monitor (not shown) are input to the video 
mixer 139. A video output signal from the video mixer 

139 is transmitted to a monitor 126. The video transmit- 
ted to the monitor 126 Is an endoscopic image or nerve 
monitor waveform. These video data can be selectively 
transmitted. 

[0105] TTie function of the surgical microscope having 
the above anangement will be described next 
[0106] FIG. 25A shows the observation image i 
obtained when the projection prism 132 and the imag- 
ing lens 1 31 are located at the positions indicated by the 
solid lines in Fia 23. At this time, an endoscopic image 
is selected as a video output signal from the video mixer 
139, and the endoscopic image ss displayed on the 5 
entire screen of the monitor 126. as shown in FIG. 26A. 
When waveforms from the nerve monitor are to be 
observed, the projection prism 132 and the imaging 



lens 131 are moved to the positions irKticated by the 
dotted lines in Fia 23. At this time, ttie movement of the 
projection prism 132 and imaging lens 131 is detected 
by the sensor 138. and the detection signal is sent from 
5 the saisor 1 38 to the video mixer 139. With this opera- 
tion, video output signals from the video mixer 139 are 
switched, and the di^lay range of ttie monitor 126 is 
reduced to the upper half, as shown in FIG. 26B. That is, 
the display ranges of the monitor 126 are switched in 
10 accordance with the range in which the projection prism 
132 is observed by an eyepiece lens 114. FIG. 25B 
shows the observation image obtained at this time. FIG. 
24 shows the optical principle in this case. More specif- 
ically, since image light from the nwnitor 126 is con- 
is verted into an afocal light beam by a lens 128. even if 
the imaging lens 131 moves In the optical axis direction, 
the distance from the imaging lens 131 to an Imaging 
plane 1 16 does not change. Even If. therefore, the opti- 
cal path length of the image optical system changes, 
20 image light from the monitor 126 is formed into an 
Image on the imaging plane 1 16. 
[01 07] As described above, according to the surgical 
microscope of this embodiment since the size of the 
monitor image display range within tiie visual field of the 
2S microscope can be changed in accordance with the 
type of innage to be projected on a monitor image, 
vignetting of the microscopic image can be minimized 
when no problem is posed even if the monitor image 
display range is small as in tiie case of a nerve monitor 
30 waveform. In addition, since the size of the monitor 
image display range can be changed without moving 
the entire Image optical system, a microscopic image 
drde 104 can be reduced in size. 
[01 08] If the arrangement of this embodiment is com- 
35 bined with that of the first or second embodiment tfie 
functions and effects of the two embodiments can be 
obtained together Assume that the projection prism 
132 is detachably mounted on the microscope optical 
system as in the first or second embodiment and the 
40 respective constituent elements of the microscope opti- 
cal system, the illumination optical system, the image 
optical system (image projection optical system), ttie 
photographing optical system, and the control system 
have the same arrangements as those in the first or sec- 
45 ond embodiment wtiile the arrangement of the main 
part of this embodiment is maintained. In this case, the 
functions and effects of the first or second enrtfjodiment 
can be obtained togeUier witii the functions and effect of 
this embodiment. 
50 [0109] FIGS.27and28showlhesixtiierT*)odimentof 
ttie present invention. Note that the same refererKe 
numerals in this embodiment denote the same parts as 
in the third to fifth embodimerrts, and a description 
thereof will be omitted. 
15 [0110] AsshowninFIGS. 27 and 28, a surgical micro- 
scope according to this emt>odiment has a liquid crystal 
monitor 140. The Ik^uid crystal monitor 140 is placed at 
almost the same position as that of an imaging plane 
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1 16, and is supported to be movable in the horizontal 
direction (direction E indicated by the arrow in FIG. 27) 
and the vertical direction (F direction indicated by the 
arrow in FIQ. 28) within a plane parallel to the imaging 
plane 116. 

[Oil 1 1 The function of the surgical microscope having 
the above arrangement will be described next 
[Oil 2] The observation image obtained when the liq- 
uid crystal monitor 140 is placed at the position indi- 
cated by the solid line in FIQ. 27 is the same as thai 
shown in Fia 22A. More specifically, a portion of the 
microscopic image is shielded by the liquid crystal mon- 
itor 1 40. Obviously, the microscopic image and the mon- 
itor image can be simultaneously observed because the 
liquid crystal monitor 140 is substantially flush with the 
imaging plane 1 16. When the liquid cry^al monitor 140 
is moved to the position indicated by the dotted line in 
FIQ. 27. the obsen«ition image becomes the same as 
that shown in FIQ. 22C. The obsen^lion image 
obtained when the liquid crystal monitor 140 is located 
at the position indicated by the solid line in FIQ. 28 is the 
same as that shown in FIQ. 25A. When the liquid crystal 
monitor 140 is moved from this solid line position to the 
dotted line position, an observation image like the one 
shown in FIQ. 25B can be obtained. 
[01 13] As descrfljed above, according to the surgical 
microscope of this embodiment almost the same 
effects as those of the fourth and fifth embodiments can 
be obtained. In addition, since the position and size of a 
monitor image (display) within the visual field of the 
microscope can be changed by only moving the liquid 
crystal monitor 140 alone, the size of the apparatus can 
be reduced. 

[01 1 4] If the arrangement of this ennbodiment is com- 
bined with that of the first or second embodiment, the 
functions and effects of the two embodiments can be 
obtained together. Assume that the liquid crystal moni- 
tor 140 is detachably mounted on the microscope opti- 
cal system as in the first or second embodiment, and 
the respective constituent elements of the microscope 
optical system, the illuminatron optical system, the 
image optical system (image projection optical system), 
the photographing optical system, and the control sys- 
tem have the same arrangements as those in the first or 
second embocfiment while the arrangement of the main 
part of this embodiment is maintained. In this case, the 
functions and effects of the first or second embodiment 
can be olrtainod together with the functions and effect of 
this embodiment 

[0115] FIGS. 29, 30A. and 30B show the seventh 
embodiment of the present invention. Note that the 
same reference numerals in this embodiment denote 
the same parts as in the sixth embodiment and a 
description thereof win be omitted. 
[0116] As stovn in FIG. 29, a surgical microscope 
according to this entxxfiment has a Dquid crystal moni- 
tor 143. This liquid crystal monitor 143 is located at 
almost the same position as that of an imaging plane 



116, and is supported to be pivotal about a rotatirrg 
shaft 144 in a direction Q indicated by the arrow. 
[0117] Fia 30A shows the observation image 
obtained when the liquid cry^al monitor 143 is located 
s at the position indicated by the solid line in FIQ. 29. As 
shown in FIQ. 29, character infbrrhation is projected on 
the liquid crystal monitor 143. When the Gquid crystal 
monitor 143 is moved from this solid tine position to the 
dotted line position, an observation image like the one 
10 shown in FIQ. 30B can be obtained. 

[01 1 8J As described above, according to the surgical 
microscope of this embodiment since the size of a 
monitor image within the visual field of the microscope 
can be changed by rotating/moving the liquid crystal 
IS monitor 143. when no problem is posed in oblique 
observation of the liquid crystal monitor 143 as in the 
case of character information, the arrangement can be 
simplified, thus providing a lightweight inexpensive 
apparatus. 

20 [0119] In this embodiment, the liquid crystal monitor 
143 is observed obliquely, a detection means for detect- 
ing the rotation amount of the liquid crystal monitor 143 
may be used to conect the display of the liquid crystal 
monitor 143 on the basis of the information from the 
25 detection means, as shown in FIGS. 31 A and 31 B. 
[01 20] If the anangement of this embodiment is com- 
bined with that of the first or second embodiment the 
functions and effects of the two embodiments can be 
obtained together. Assume that the liquid crystal moni- 
30 tor 143 Is detachably nrounted on the microscope opti- 
cal system as in the first or second embodiment and 
the respective constituent elements of the microscope 
optical system, the illumination optical system, the 
image optical system (image projection optical system), 
35 the photographing optical system, and tiie control sys- 
tem have the same arrangements as tiiose in the first or 
second embodiment while the arrangement of the main 
part of this embodiment is maintained. In this case, the 
functions and effects of the first or second embodiment 
40 can be obtained togetiier with tfie functions and effect of 
this emtxxfiment. 

[01 21 J FIGS. 32 to 34C show the eighth entxxliment 
of the present invention. As shown in FIGS. 32 and 33, 
an eyepiece lens barrel 104 optically coupled to a zoom 
45 lens body has a pair of right and left optical paths as in 
the third embodiment. Note that since the right and left 
optical paths have the same an-angement only one 
optical path will be descrflsed below. 
[01221 In the eyepiece lens barrel 104, an imaging 
so lens 146. a mirror 147, an image rotator 148, a deflect- 
ing prism 149, a prism 150, arwl an eyepiece lens 152 
are sequentially an-anged from the light-transmitting 
portion 103 side. A reflecting surface 155 of the prism 
150 is mirror-coated. The prism 150 is supported to be 
55 movable in a cfireclion H indicated by the arrow in FIG. 
33. A projection lens 154 and a liquid crystal monitor 
153 are arranged on the extended line of the optical axis 
of the eyepiece lens 152. In this case, the projection 
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lens 154 IS located to form image light from the liquid 
crystal monitor 153 into an image on an imaging plane 
151. 

[0123] The function of the surgical micrDscope having 
the above arrangement will be described next s 
[0124] A light beam from the zoom ler^ body (not 
shown) is formed into an image on the imaging plane 
151 by the imaging lens 146 upon sequentially passing 
through the mirror 147. the image rotator 148. the 
deflecting prism 149, and the prism 150. The image on io 
the imaging plane 151 is observed under magnification 
with the eyepiece lens 152. In this case, when the prism 
150 is located at the solid line position in FIG. 33, a light 
beam from the liquid crystal monitor 153 is shielded by 
the mirror coat on the reflecting surface 155 of the prism is 
150 and hence does not reach the irraging plane 151. 
FIG. 34A shows the observation image obtained at this 
tima When the prism 150 is moved to the dotted line 
position in FIG. 33, part of the light beam from the liquid 
crystal monitor 153 is formed into an image on the 2o 
imaging plane 151. FIG. 34B shows the observation 
image obtained at this tima When the prism 150 is fur- 
ther moved in this state, an observation image like the 
one shown in FIG. 34C can be obtained. When the 
prism 1 50 completely retreats from the microscope opti- 2s 
cal path, only a monitor image is observed as an obser- 
vation image. 

[0125] As described above, according to the surgical 
microscope of this embodiment, the projection ratio 
between a microscopic image and a monitor image so 
within the visual field of the microscope can be arbitrar- 
ily changed. 

Claims 

35 

1 . A surgical microscope characterized by comprising : 

an illumination optical system for illuminating a 
microscope visual field: 

an observation optical system which has an 4o 
eyepiece lens and an imaging lens and allows 
observation of a first image of an observation 
target by guiding reflected light to the eyepiece 
lens from the observation target irradiated with 
illunrtination light from said Illumination optical 45 
system; 

an image projection optical system for project- 
ing a second imago as image information 
within a portion of the microscope visual field; 
and ' ^ 

a visual field adjusting mechanism which has a 
field stop placed at an imaging position of the 
imaging lens and having a changeable stop 
shape and acfjusts an area of the miaoscope 
visual field Ijy changing the stop shape of the 55 
field stop in accordance with a projection state 
of the second image with respect to the micro- 
scope viaial field. 



2. A microscope according to claim 1 , characterized in 
that said image projection optical system is 
switched between a first state in which the second 
image is projected within the portion of the micro- 
scope viajal field and a second state in which the 
second image is not projected within the micro- 
scope visual field. 

3. A microscope according to claim 2. characterized in 
that said visual field adjusting mechanism com- 
prises a control mechanism for changing the stop 
shape of the field stop, and 

said control mechanism switohes the states of 
said image projection optical system, and 
changes the stop shape of the field stop upon 
the switching of the states. 

4. A microscope according to claim 1 , characterized in 
that said field stop is a liquid crystal shutter. 

5. A microscope according to claim 2. characterized in 
that said Image projection optical system com- 
prises a prism that is moved between an image pro- 
jection position at which said prism is inserted into 
an optical path of said observation optical system 
between the field slop and the imaging lens and a 
standby position at which said prism is shifted out of 
the optical path of said obBervalion optical system, 
and 

light forming the second image is guided 
toward the field slop through said prism, and 
part of light forming the first image which over- 
laps the second image light is shielded against 
the field stop when said prism is located at the 
image projection position. 

6. A microscope according to claim 3, characterized in 
that when said image projection optical system is 
set in the first state, a first light-transmitting area 
transmitting both the first image light and the sec- 
ond image light is formed in the field stop, and 

when said image projection optical system is 
set in the second state, a second light-transmit- 
ting area transmitting only the first image light 
is formed in the field stop. 

7. A microscope according to claim 6, characterized 
by further comprising a detection member for 
detecting a brighfriess of at least one of the light 
forming the first image and the light forming the 
second image, and 

wherein said control mechanism adjusts a light 
transmrttance of the light-fransmitting area 
formed in the field stop on the basis of a detec- 



16 



31 



EP 0 928 981 A2 



32 



tion result from said detection member. 

8. A microscope according to claim 3, characterized 
by further comprising a detection merr^jer for 
detecting a brightness of at least one of the light s 
forming the first image and the light forming the 
second image, 

wherein said control mechanism adjusts a 
brightness of illumination light guided through w 
said illumination optical system on the basis of 
a detection result from said detection member. 



A microscope according to daim 3. characterized in 
that said image projection optical system com- 
prises a display for displaying the second image. 



IS 



said illumination optical system connprtees a 
deflecting member for deflecting part of illumi- 
nation light to use the part of the illumination 20 
light as backlight for said display, and 
said deflecting member is moved between an 
insertion position at which said deflecting 
member is inserted into an optical path of said 
illumination optical system and a retreat posi- 2s 
tion at which said deflecting member is shifted 
out of the optical path of said illumination opti- 
cal system. 

1 0. A microscope according to claim 9. characterized in 30 
that said control mechanism moves said deflecting 
member between the insertion position and the 
retreat position upon switching of the states of said 
image projection optical system. 

35 

11 . A microscope according to claim 1 , characterized in 
that said observation optical system comprises a 
right eye observation optical system and left eye 
observation optical system corresponding to right 
and left eyes, each of said right and left eye obser- 4o 
vation optical systems having said visual field 
adjusting mechanism, and 

said image projection optical system com- 
prises a right eye image projection optical sys- 45 
tem for projecting the second image within a 
microscope visual field formed by said right eye 
observation optical system and a left eye 
image projection optical system for projecting 
the secorxJ image within a microscope visual so 
field formed by said left eye observation optical 
system. 

12, A microscope according to daim 1 1 . characterized 
in that each of said right and left eye image projec- ss 
tion optical systems comprises a display for tBsplay- 
ing the second image and a plurality of projection 
optical elements for projecting the second image. 



cfisplayed n said display, within the microscope 
visual field, and 

said right eye observation optical system and 
said right eye image projection optical system 
can be integrally rotated about a first axis, and 
said left eye ot^servation optical system and 
said left eye image projection optical system 
can be integrally rotated about a second axis. 

13. A microscope according to claim 12, characterized 
t>y further comprising one illumination unit for sup- 
plying illumination light first light guide means for 
guidng illumination light from said illumination unit 
as ijacWight to the display disposed in said right eye 
image projection optical system, and second light 
guide means for guiding illumiriation light from said 
illumination unit as backlight to the display disposed 
in said left eye image projection optical system. 

wherein said displays disposed in said right 
and left eye image projection optical systems 
are located at symmetrical positions with 
respect to said illumination unit 
said first light guide means can be rotated 
about tfie first axis, together with said right eye 
image projection optical system, and 
said second light guide means can be rotated 
about the second axis, together with said left 
eye image projection optical system. 

14w A microscope according to claim 1, characterized 
by furttier comprising projection position changing 
means for changing a projection position of the sec- 
ond image with respect to the microscope visual 
field. 

15. A miaoscope according to claim 14, characterized 
in that said image projection optical system com- 
prises a light guide member which is inserted in an 
optical path of said observation optical system and 
guides light forming the second image toward the 
field stop, and 

said projection position changing means 
moves said light guide member within the opti- 
cal path of said observation optical system. 

16. A microscope according to claim 15, characterized 
in that said light guide member is a prism. 

17. A microscope according to daim 15, characterized 
in that said light guide member moves parallel with 
an image plane of the imaging lens. 

ia A microscope according to claim 15, characterized 
in that said light guide member rotates at>out an 
optical axis of said obsen^ation optical system. 
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19. A microscope according to claim 15, characterized 
by further comprising field stop means, placed at 
substantial) y the same position as the imaging posi- 
tion of the imaging lens, for bordering the first and 
secorvJ images. ^ 

20. A microscope according to claim 15. characterized 
in that a light exit surface of said light guide member 
is placed at sutjslanlially the same position as the 
imaging position of the imaging ler^. io 

21. A microscope according to claim 20, characterized 
in that stop field means for bordering the first and 
second images is formed on the light exit surface of 
said light guide member. is 

22. A microscope according to claim 21 , characterized 
in that said field stop means is a field mask formed 
on the light exit surface of said light guide men*er 

by coating. 20 

23. A microscope according to claim 14, characterized 
in that said image projection optical system com- 
prises a monitor inserted in the optical path of said 
observation optical system, and ss 

said projection position changing means 
moves said monitor within the optical path of 
said observation optical system. 

30 

24. A microscope according to claim 23, characterized 
in that said monitor is a liquid crystal monitor. 

25. A microscope according to claim 23, characterized 

in that said monitor moves parallel with the imaging 55 
plane of the imaging lens. 

26. A microscope according to claim 23. characterized 
in that said monitor rotates about an axis parallel to 

the imaging plane of the imaging lens. 40 

27. A microscope according to ciaim 15, characterized 
In that said image project optical system comprises 
a relay optical system for converting the light form- 
ing the second image into an afocal light beam and 4s 
a projection optical system tor forming the afocal 
light beam into an image on the imaging plane of 

the imaging lens, and 

said projection position changing means so 
moves said projection optical system within the 
afocal light beam emerging from said relay opti- 
cal system such that said light guide mentier 
moves within the optical path of said observa- 
tion optical system 55 

2a A microscope according to claim 27, characterized 
in that said projection optical system rrxjves in a 



direction perpendicular to an optical axis of the afo- 
cal light beam. 

29. A miaoscope according to claim 27. characterized 
in that said projection optical system moves in a 
direction parallel to an optical axis of the afocal light 
beam. 

30. A microscope according to claim 14, characterized 
in that said observation optical system comprises a 
reflecting member for reflecting the light forming the 
first image and guiding the light to the imaging posi- 
tion of the imaging lens, 

said reflecting member is placed between the 
imaging position of the imaging lens and said 
image projection optical system, and 
said projection position changing means 
moves said reflecting member in a direction 
parallel with respect to ttie imaging plane of tiie 
imaging lens. 

31. A microscope according to claim 27. characterized 
in that said image projection optical system com- 
prises a display for displaying the second image, 
and 

further comprising detection means for detect- 
ing movement of said projection optical sys- 
tem, and control means for changing a display 
state of the second image on said display on 
the basis of a detection result obtained by said 
detection means. 

32. A microscope according to claim 14, characterized 
in that said observation optical system comprises a 
right eye observation optical system and left eye 
observation optical system corresponding to right 
and left eyes. 

said image projection optical system com- 
prises a right eye image projection optical sys- 
tem for projecting the second image within a 
microscope visual field formed by said right eye 
obsen/ation optical system and a left eye 
image projection optical system for projecting 
the second image within a microscope visual 
field formed by said left eye observation optical 
system. 

said projection position changing means com- 
prises first means for changing a projection 
position of the second image projected within a 
microscope visual field formed by said right eye 
observation optical system through said right 
eye image projection optical system, and sec- 
ond means for changing a projection portion of 
the seoorxl image prqected within a micro- 
scope visual field formed by said left eye obser- 
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vation optical system through said left eye 
image projection optical system, and 
said right and left eye observation optical sys- 
tems and said right and left eye image projec- 
tion optical systems are interlocked with each s 
other. 

33. A surgical microscope characterized by comprising: 

an illunination optical system for illuminating a w 
microscope visual field; 

an observation optical system which has an 
eyepiece lens and an imaging lens arKi allows 
observation of a first image of an observation 
target by guiding reflected light tp the eyepiece is 
lens from the observation target irradiated with 
itlumination light from said illumination optical 
system: 

an image projection optical system for project- 
ing a second image as image information 20 
within a portion of the miaoscope visual field; 
and 

projection position changing means for chang- 
ing a projection position of the second image 
with respect to the microscope visual field. 25 

34. A microscope according to claim 33, characterized 
in that said image projection optical system com- 
prises a light guide member which is inserted in an 
optical path of said observation optical system and 30 
guides light forming the second image towartf an 
image plane of the imaging lens, and 



4a A microscope according to claim 39, characterized 
in that stop field means for bordering the first and 
second images b formed n the light exit surface of 
said light guide member. 

41. A miaoscope according to daim 40, characterized 
in that said field stop means is a field mask formed 
on the Oght exit surface of said light guide men^jer 
by coating. 

42, A microscope according to claim 33. characterized 
in that said image projection optical system com- 
prises a monitor inserted in the optical path of said 
observation optical system, and 

said projection position changing means 
moves said monitor witfiin the optical path of 
said observation optical system. 

4a A microscope according to claim 42, characterized 
in that said monitor is a liquid aystal monitor. 

44. A microscope according to claim 42. characterized 
in that said monitor moves parallel with the imaging 
plane of the imaging lens, 

45. A microscope according to claim 42, characterized 
in that said monitor rotates about an axis parallel to 
the imaging plane of the imaging lens. 



said projection position changing means 
moves said light guide member within the opti- 
cal path of said observation optical system. 

35. A microscope according to claim 34, characterized 
in that said light guide memt>er is a prism. 

36. A microscope according to daim 34, characterized 
in tiiat said light guide member moves parallel with 
an image plana of the imaging lens. 

37. A microscope according to daim 34, characterized 
in that said light guide member rotates about an 
optical axis of said observation optical systera 

38. A microscope according to daim 34, characterized 
by further corr^arfeing field stop means, placed at 
suljstantially the same position as the imaging posi- 
tion of the imaging lens, for bordering the first and 
second images. 

39. A microscope according to daim 34, characterized 
in that a light exit surface of said light guide mentoer 
is placed at substantially the same position as the 
imaging position of the imaging lens. 



46, A microscope according to daim 34, characterized 
in that said image projection optical system com- 
prises a relay optical system for converting the light 
forming the second image into an afocal light beam 

35 and a projection optical system for forming the afo- 
cal light beam into an image on the imaging plane 
of the imaging lens, and 

said projection position changing means 
40 moves said projection optical system within the 

afocal light beam emerging from said relay opti- 
cal system such that said light guide member 
moves within the optical path of said observa- 
tion optical system. 

45 

47, A microscope according to claim 46, characterized 
in that said projection optical system moves in a 
cfiroction perpendicular to an optical axis of the afo- 
cal light beam. 



50 



55 



48. A microscope according to claim 46. characterized 
in that said projection optical system moves in a 
(firection parallel to an optical axis of tfie afocal light 
fc>eam. 

49. A microscope according to daim 33. characterized 
in that said obsen^on optical system comprises a 
reflecting men4>er for reflecting the Gght forming the 
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first image and guiding the Kght to the imaging posi- 
tion of the Imaging lens, 

said reflecting member is placed between the 
imaging position of the imaging tens and said s 
image projection optical system, and 
sakJ projection position changing means 
moves said reflecting member in a direction 
parallel with respect to the imaging plane of the 
imaging lens. w 

50. A microscope according to claim 46, characterized 
in that said image projection optical system com- 
prises a display for displaying the second image, 
and ,5 

further comprising detection means for detect- 
ing movement of said projection optical sys- 
tem, and control means for changing a display 
slate of the second image on said display on so 
the basis of a detection result obtained by said 
detection means. 

51. A microscope according to claim 33, characterized 

in that said observation optical system conprises a 2S 
right eye observation optical system and left eye 
observation optical system corresponding to right 
and left eyes. 

said image projection optical system conv so 
prises a right eye image projection optical sys- 
tem for projecting tiie second image within a 
microscope visual field formed by said right eye 
observation optical system and a left eye 
image projection optical system for projecting ss 
the second image within a microscope visual 
field formed by said left eye observation optical 
system, 

said projection position changing means com- 
prises first means for changing a projection 40 
position of the second image projected within a 
microscope visual field formed by said right eye 
observation optical system through said right 
eye image projection optical system, and sec- 
ond means for changing a projection position of 45 
tiie second image projected within a micro- 
scope visual field formed by said left eye obser- 
vation optical system through said left eye 
image projection optical system, and 
said right and left eye observation optical sys- so 
tems and said right and left eye image projec- 
tion optical systems are interlocked with each 
other. 

52. A surgical microscope system characterized by ss 
conprsing: 

a airgical microscope inducting an illumination 



optical system for iDuminating a microscope 
visual field, an observation optical system 
which has an eyepiece ler?s and an imaging 
lens and allows ot^ervation of a first image of 
an observation target by guiding reflected light 
to the eyepiece lens from the observation tar- 
get irradiated with illumination tight from said 
illumination optical system, 
an image projection optical system for project- 
ing a second image as image information 
within a portion of the microscope visual field, 
and visual field adjusting mechanism which 
has a field stop placed at an imaging position of 
the imaging lens and having a changeatsfe stop 
shape and adjusts an area of the microscope 
visual field by changing the slop shape of tfie 
field stop in accordance with a projection state 
of tiie second image with respect to tiie micro- 
scope visual field; 

an image sensing mechanism for receiving 
light forming the first image from said observa- 
tion optical system of said surgical microscope 
and converting the light into a video signal as 
an ^ectrical signal: and 
mixer means for mixing the second image with 
the video signal from said image sensing 
mechanism in accordance witfi a projection 
stale of the second image witfi respect to the 
microscope visual field. 

53. A system according to claim 52, characterized by 
furtiier comprising recording means for recortiing a 
video output from said mixer means. 

54. A system according to claim 52, characterized in 
tfiat an image formed by said mixer means by mix- 
ing the first and second images Is substantially 
identical to an image within the microscope visual 
field on which the second image is projected. 

55. A surgical operation system characterized by com- 
prising: 

a first optical system for illuminating and 
observing a region to be surgically operated; 
a second optical system located closer to the 
region than said first optical system and 
adapted to observe the region; 
a navigation system for detecting an observa- 
tion range of said first optical system and a dis- 
tal end position of said second optical system; 
and 

means for shielding or attenuating light at only 
the distal end position of said second optical 
system of illumination positions in the observa- 
tion range of said first optical system when ttie 
distal end of said second optical system is 
guided into the observation range of said first 
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optical system. 

56. A system according to daim 55, characterized in 
that said means for shielding or attenuating fight is 

a liquid crystal shutter placed at a position conju- s 
gate to an illumination field plane of said micro- 
scope. 

57. A surgical operation system characterized by com- 
prising: 10 

a first optical system for illuminating and 
observing a region to be surgically operated; 
a second optical system located closer to the 
region than said first optical system and is 
adapted to observe the region; 
a navigation system for detecting an observa- 
tion range of said first optical system arxl an 
observation position of said second optical sys- 
tem; and 20 
means for shielding or attenuating light at only 
the observation position of said second optical 
system of Illumination positions in the observa- 
tion range of said first optical system when tiie 
observation position of said second optical sys- 2s 
tern is guided into the oliservation range of said 
first optical system. 

58. A system according to daim 57, characterized in 
that said means for shielding or attenuating light is 30 
a liquid crystal shutter placed at a position conju- 
gate to an illumination field plane of said micro- 
scope. 
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